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Open: Space - Something Corporate
Close: Counting the Stars - Waking Ashland



GnatSigh News
(all the news that fits)

 Website http://home.fnal.gov/~rocky/NS102/

 Last class next Tuesday!

* Final Exam
—10:30-12:30 Thursday 9 June

— Help sessions: To be arranged

Lab this week: Big Bang Nucleosynthesis




A view of the universe, circa 1905
1) Arrangement:

6,500
light years I

N

Solar system

30,000 light years
2) Composition: Starz’ in the ‘hood

)
3) Static (unchanging in time)
4) Origin???
)

5) Space and time are absolute



Space and Time Before Einstein

Absolute space,

in its own nature,
without relation

to anything external,
remains always similar
and immovable.

Isaac Newton

1687

Philosophiae Naturalis
Principia Diathematica




"When the Special Theory of
Relativity began to germinate
in me, | was visited by all
sorts of nervous conflicts... |
used to go away for weeks in
a state of confusion.”
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Space and Time After Einstein

Space and time
are related.

Albert Einstein
1905

Space is dynamic
(curved, warped, bent).

Albert Einstein
1915




Modern Laws of Genesis




Einstein's
Cosmic
Legacy

1 The origin & destiny
| of the universe are
amenable to human

inquiry!

Cosmology is a science!




The Big Bang
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Space expands.

Edwin Hubble
1929




The universe
IS radiant.

Arno Penzias
Robert Wilson
1965




Cosmic backqground radiation
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Cosmic Radiation 2005
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Looking out in space is
looking back in time.

CBR: a snapshot of the
universe 380,000 AB

age=380,000 yrs age=0
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Periodic table - chemist
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Periodic table - cosmologist




The Universe today:

73% Hydrogen (10-° 2H-deuterium)
26% Helium (10> 3He)
1% Metals

The Universe 3 minutes AB:

76% Hydrogen (10 2H-deuterium)
24% Helium (10> 3He)
10-3% Lithium



Nucleosynthesis

...the process of assembling nuclei either
by nuclear fusion or nuclear fission.



Nuclear Alchem
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Binding Enerqy

Helium Uranium
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Muclear fission

Muclear fusion
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Binding Enerqgy
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Difference in mass released as energy a la E = Mc?



Nuclear Alchem
) neutron
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Difference in mass released as energy a la E = Mc?



Nucleosynthesis

...the process of assembling nuclei either
by nuclear fusion or nuclear fission.

Big Bang nucleosynthesis (BBN): within the first three minutes of
the universe and is responsible for most of the deuterium, helium-
4. helium-3, and lithium-7. No elements heavier than lithium could
be formed.

Stellar nucleosynthesis: creates most of the heavier elements
between lithium and iron.

Supernova nucleosynthesis: produces most of the elements
heavier than iron.

Cosmic ray spallation: produces some light elements like lithium
and boron.




Big Bang Nucleosynthesis
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Big Bang Nucleosynthesis

T <k 10°K

* neutrons decay or absorbed into helium

* universe consists mostly of protons and helium
* p + helium — (no stable element with A=5)

* helium + helium — (no stable element with A=8)
 temperature too low for nucleosynthesis
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Bang Nucleosynthesis
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The Universe 3 minutes AB:

Big bang (rate of change of the temperature)
Nuclear physics (binding energies, reactions)

: |

76% Hydrogen (10° 2H-deuterium)
24% Helium (10 3He)
10-3% Lithium



Kepler's supernova

Koray e
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Chandra
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Chandra

Visible

Hubble

.

Infrared

Spitzer

Observed 1604

in Ophiuchus

Peak magnitude = -2.25
Distance < 10 kpc




A view of the universe, circa 1905
1) Arrangement:

6,500
light years I

N

Solar system

30,000 light years
2) Composition: Starz’ in the ‘hood

)
3) Static (unchanging in time)
4) Origin???
)

5) Space and time are absolute



1/30 Moon
diameter



The Hubble Ultra Deep Field

UNIVERSE
OF
GALAXIES
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over entire
sky




The visible universe
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Galaxies




NGC253 in Sculptor
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m M33 rotation curve
§, observed
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expected
from
~=~w__ luminous disk
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Ml position of distant star
it passes close to the sun

B light |5 "bani™ by the strong
— -_|r::|'.'|!|1ll:-|'|:|- field of tha sun
——

apparent displacement
‘of star's position

1919 Eclipse Expedition









Gravitational Lensing
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Gravitational Lens in Abell 2218 HST - WFPC2

PF95-14 - ST Scl OPO - April 5, 1995 - W. Couch (UNSW), NASA



